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ABSTRACT
The stochastic variability (flickering) of the nova-like system (subclass of cataclysmic
variable) MVLyr yields a complicated power density spectrum with four break fre-
quencies. Scaringi et al. (2012a) analysed high-cadence Kepler data of MV Lyr, taken
almost continuously over 600 days, giving the unique opportunity to study multicom-
ponent Power Density Spectra (PDS) over a wide frequency range. We modelled this
variability with our statistical model based on disc angular momentum transport via
discrete turbulent bodies with an exponential distribution of the dimension scale. Two
different models were used, a full disc (developed from the white dwarf to the outer
radius of ∼ 1010 cm) and a radially thin disc (a ring at a distance of ∼ 1010 cm from
the white dwarf) that imitates an outer disc rim. We succeed in explaining the two
lowest observed break frequencies assuming typical values for a disc radius of 0.5 and
0.9 times the primary Roche lobe and an α parameter of 0.1 – 0.4. The highest ob-
served break frequency was also modelled, but with a rather small accretion disc with
radius of 0.3 times the primary Roche lobe and a high α value of 0.9 consistent with
previous findings by Scaringi (2014). Furthermore, the simulated light curves exhibit
the typical linear rms-flux proportionality linear relation and the typical log-normal
flux distribution. As the turbulent process is generating fluctuations in mass accretion
that propagate through the disc, this confirms the general knowledge that the typical
rms-flux relation is mainly generated by these fluctuations. In general a higher rms is
generated by a larger amount of superposed flares which is compatible with a higher
mass accretion rate expressed by a larger flux.
Key words: accretion, accretion discs - turbulence - stars: individual: MVLyr -
novae, cataclysmic variables
1 INTRODUCTION
A basic characteristic of accretion is fast stochastic variabil-
ity (sometimes also called flickering). Such oscillations are
observed in optical and X-rays light curves of several sys-
tems as active galactic nuclei, X-ray binaries and cataclysmic
variables. This variability reflects as red noise in power den-
sity spectra (PDS). The shape of such PDS can be a simple
power law with no other components (see e.g. Shahbaz et al.
2010, Mushotzky et al. 2011), a broken power law (two
power law components) with a single break frequency (see
⋆ E-mail: andrej.dobrotka@stuba.sk
† E-mail: shm@kusastro.kyoto-u.ac.jp
‡ E-mail: juness@sciops.esa.int
e.g. Kato et al. 2002, Baptista & Bortoletto 2008) or a mul-
ticomponent PDS with more characteristic break frequen-
cies (see e.g. Sunyaev & Revnivtsev 2000, Scaringi et al.
2012a, Dobrotka et al. 2014b). The high-cadence optical Ke-
pler data of the nova-like system MVLyr, taken almost con-
tinuously over 600 days, is a unique opportunity to study
such multicomponent PDS over a wide frequency range
(Scaringi et al. 2012a). The PDS has 4 different break fre-
quencies ranging from 0.17 to 13.97 × 10−4 Hz.
A more fundamental characteristic of fast stochastic
variability than the power spectrum is the correlation be-
tween variability amplitude and log-normally distributed
flux (so called rms-flux relation). This relation is valid over
a wide-range of timescales. Uttley et al. (2005) studied non-
linear X-ray variability of X-ray binaries and active galaxies
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and found a linear relation between rms and flux calculated
from light curve segments. Kepler optical data show the
same linear relation in the case of the cataclysmic variable
MVLyr (Scaringi et al. 2012b). Following both publications,
the most promising model describing this relation are varia-
tions in the accretion rate that are produced at different disc
radii (Lyubarskii 1997, Kotov et al. 2001, Are´valo & Uttley
2006). Therefore, a successful flickering model should also
reproduce this rms-flux relation.
Various models were developed in order to simulate
flickering activity. A cellular-automaton model was proposed
by Yonehara et al. (1997) to describe the PDS of flickering
in cataclysmic variables. In this model light fluctuations are
produced by occasional flare-like events and a subsequent
avalanche flow in the accretion disc atmosphere. Flares are
assumed to arise when the mass density exceeds a critical
limit. This model reproduced the typical broken-power law
PDS with a single break frequency (see Mineshige et al. 1994
for the original idea). Dobrotka et al. (2010) developed a
statistical model to simulate flickering light curves based on
the simple idea of angular momentum transport between
two adjacent concentric rings in the accretion disc via dis-
crete turbulent bodies. Application to optical observations of
the symbiotic system TCrB yielded a successful description
of the PDS with inner disc truncation, in agreement with
Skopal (2005). The derived basic α disc parameter relating
kinematic viscosity with the sound velocity and disc scale
height (Shakura & Sunyaev 1973) is rather high, but still in
the expected interval 0.1 - 1.0, which is typical for hot ionised
discs (see e.g. Kato et al. 1998 chapter 5, Lasota 2001). Fur-
ther application of the same statistical model to optical data
of the nova-like systems KRAur and UUAqr successfully re-
produced the PDS of KRAur but not the PDS of UUAqr,
perhaps due to spiral arms in the accretion disc of the latter
(Dobrotka et al. 2012). A similar method based on unstable
mass flow from the inner disc toward the white dwarf sur-
face modelled fast X-ray stochastic variability of the dwarf
nova RUPeg in quiescence (Dobrotka et al. 2014b). The ob-
served PDS has a multicomponent shape with two char-
acteristic break frequencies. The model explained the low
frequency break as due to viscous processes at the inner
disc radius while the high break frequency remains unre-
solved. Recently, Ingram & Klis (2013) have derived an an-
alytical expression for the fluctuating accretion rate in the
disc, modelling the observed PDS broken power law shape.
Scaringi (2014) applied the expression to fit the PDS of the
nova-like system MVLyr data. The model described the ob-
served PDS with rather non-standard accretion disc param-
eters, i.e. disc scale height vs. distance from the centre ratio,
H/r > 0.1, while the basic accepted geometrically thin disc
model requires H/r < 0.01. The authors interpret such disc
as expanded optically thin hot corona surrounding an opti-
cally thick geometrically thin standard disc.
While Dobrotka et al. (2010) and Dobrotka et al.
(2012) studied only the PDS shape of fast oscillations, the
model was not yet used to investigate the physically more
important rms-flux relation. In this paper we expand this
model to account also for variations in the mass accretion
rate through the accretion disc and we search for the multi-
component shape of the PDS in MVLyr together with the
rms-flux relation. Section 2 describes the knowledge about
the MVLyr system and Section 3 describes the model used
for the generation of synthetic light curve. The details of
all simulations are described in Section 4 and the results
summarised and discussed in Sections 5 and 6, respectively.
2 NOVA LIKE SYSTEM MVLYR
MVLyr is a nova-like system, a subclass of cataclysmic vari-
ables. The accretion discs of these systems are believed to
be hot with ionised hydrogen, optically thick, geometrically
thin with an α parameter (Shakura & Sunyaev 1973) of the
order of 0.1 (see e.g. Lasota 2001 for review). The disc should
be developed down to the white dwarf with a very small
boundary layer between the inner disc and the white dwarf
surface (Narayan & Popham 1993). Therefore, the accretion
disc is expected to be at most slightly truncated. This is the
opposite of dwarf novae (α ∼ 0.01) with non-ionised quies-
cent discs, where the inner disc truncation is expected to be
relatively large with a boundary layer that is much thicker
in radial direction. The mass accretion rate of MVLyr was
probably not constant due to a variable long term trend of
the light curve, but Scaringi et al. (2012a) assumed an ap-
proximate value of 1.9× 1017 g s−1 taken from Linnell et al.
(2005). The white dwarf has a mass of 0.73M⊙ (Hoard et al.
2004) and the orbital period is approximately 3.3 h (Borisov
1992).
Typical disc radii in cataclysmic variables are of the
order of 1010 cm (see e.g. Warner 1995). The more exact es-
timate in accreting systems is defined by the tidal radius
at 0.9 times the primary Roche lobe radius rPRL (see e.g.
Frank et al. 1992). Taking into account observations of re-
lated objects as X-ray binary A0620-00, the disc radii can
be estimated as 0.5 × rPRL (Marsh et al. 1994). The value
of rPRL is given by Paczyn´ski (1971);
rPRL = 0.462 a (1 + q)
−1/3 [cm], (1)
where q is the mass ratio and a is the orbital separation
calculated from the third Kepler law
a = 3.5× 1010
(
M1
M⊙
)1/3
(1 + q)1/3P
2/3
h
[cm]. (2)
M1 is the primary mass and Ph is the orbital period in hours.
Combining these two equations, the resulting disc radius is
independent of q and thus the secondary mass. Using all
other known parameters, the disc radii of 0.5 and 0.9×rPRL
yields 1.8 and 3.2× 1010 cm, respectively.
The PDS of MVLyr is well fitted with four different
Lorentzian functions characterising four different break fre-
quencies L1 to L4 (Scaringi et al. 2012a). The authors pro-
duced 118 rms-normalised PDSs, each from 5.275-day, non-
overlapping data segments. Subsequently, they averaged 5
consecutive PDSs and binned into equally spaced frequency
intervals. This resulted in 24 time-averaged PDSs. Every av-
eraged PDS was fitted with four Lorentzian functions and
the corresponding histograms of the characteristic frequen-
cies (from Table 1 in Scaringi et al. 2012a) are depicted in
Fig. 1. Clearly the histograms are slightly overlapping. Few
values of L4 are extending to the L3 histogram, from L3 to
L2 etc. Despite of few data points, we fitted the histograms
with Gaussian functions in log space, and the resulting fits
are depicted as dotted lines in Fig. 1. Clearly this solves the
problem of overlapping histograms. The few marginal data
c© 2014 RAS, MNRAS 000, 1–9
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Figure 1. Histograms of four break frequencies L1 to L4 derived
from Kepler observations. The dotted lines are Gaussian fits in
log-space to the histograms.
Table 1. Mean values of the observed break frequencies Li from
Fig. 1 with standard deviation of the sample.
Li log (Li/Hz) Li log (Li/Hz)
L1 −3.01± 0.06 L3 −3.86± 0.05
L2 −3.39± 0.04 L4 −4.29± 0.11
are statistically not significant enough in the fitting proce-
dure and the Gaussian functions describe only the ”central”
part of each histogram. With this procedure we obtain four
well-separated distributions and the mean values with 1-σ
errors are summarised in Table. 1.
3 MODEL
A detailed description of our numerical modelling can be
found in Dobrotka et al. (2010). The method is based on
the simple idea of discrete angular momentum transport be-
tween two adjacent concentric rings in a geometrically thin
disc. The angular momentum is carried by discrete turbu-
lent bodies with an exponential distribution of the dimen-
sion scales. When a turbulent body penetrates from one ring
to the adjacent one, it changes the tangential velocity and
distance from the centre, while the mass is conserved. This
changes the angular momentum. The sum of angular mo-
mentum of all bodies changes/differences must be equal to
the total difference in angular momentum between two con-
centric rings. The distribution function of dimension scales
is equal to the distribution function of time scales, because
the dimension scale divided by the local viscous velocity
gives the time scale of a turbulent event. All events liber-
ate energy in the form of a flickering flare. The distribution
functions between pairs of rings are summed over the en-
tire disc (from the inner disc radius rin to the outer disc
radius rout), which yields the final distribution function of
flare time scales. Following this distribution function, flick-
ering flares are randomly redistributed into a synthetic light
curve of the same duration as the observations. Such syn-
thetic light curves are subsequently analysed.
Finally, as mentioned above, nova-like systems should
possess fully ionised accretion discs. Therefore, for basic disc
parameters we used the standard Shakura & Sunyaev (1973)
model (see e.g. Frank et al. 1992).
Examples of three light curves with MVLyr system pa-
rameters from Section 2 with different disc parameters are
depicted in Fig. 2. The first two panels show light curves
from an entire disc integrated (almost) from the white dwarf
surface for two different outer disc radii. To study the mul-
tiple frequency behaviour of the observed light curves, we
used our model to simulate also the longest viscous time
scale variability. This is generated by turbulence at the outer
disc rim, where the viscous velocity is lowest and turbulence
is largest. This solution is based on the idea, that the outer
disc accretion process is somehow dominant over the rest of
the outer disc and adds additional variability to the light
curve with its own characteristic statistics. For this purpose
we simulated light curves with rout equal to the disc radius
and rin slightly lower (bottom panel of Fig. 2). Such radially
very thin disc is imitating the outer disc rim. The final light
curve is a sum of both models, i.e. ”standard” full disc plus
an outer disc rim1. Therefore, we simulated two solutions
with different parameters. A full disc constructed from the
vicinity of the white dwarf (depending on the truncation)
to the outer edge and an outer disc rim constructed around
the outer disc radius with very small radial thickness. The
radii of both models are summarised in Table. 2.
4 SIMULATIONS AND ANALYSIS
As demonstrated in Dobrotka et al. (2014b) the number
of flares per light curve does not matter, while the rela-
tive number of flares with different time scales is impor-
tant. Therefore, we choose the lowest possible number of
flares to minimise computer time. This limit is set by the
”fastest” solution (top panel of Fig. 2) with the shortest time
scale of variability, because the sum of all flares must con-
struct a continuous light curve without zero flux intervals2.
The simulated light curve has the same duration (5.275 d,
455760 s) as observed light curve subsamples analysed by
Scaringi et al. (2012a) and we used approximately the same
sampling as the Kepler data (60 s). 5 light curves were used
per mean PDS, which we fitted with a Lorentzian function
P (ν) = a0 +
a∆
pi
1
∆2 + (f − f0)2
, (3)
where a0 and a are constants, ∆ is the half-width at half
maximum, f is the frequency and f0 is the studied break fre-
quency. For PDS calculation we used Lomb-Scargle (Scargle
1982) algorithm and we binned the mean PDS into 0.1dex in
the logarithmic frequency scale. We repeated this procedure
100 times and calculated a mean value of the frequency f0.
Every PDS study is highly model dependent and mainly
the power law slope can be difficult to model. The multicom-
ponent PDS is a sum of more power laws which strongly
affect the resulting shape. In Dobrotka et al. (2014b) the
model yields a lower break frequency, but not the power
1 We do not have an exact physical model for the outer disc
rim activity enhancement, hence we can not include it directly to
the simulation procedure. Therefore, we simulated both situations
separately and searched for the characteristic break frequency
individually for every model.
2 Shortest flares also occupy the shortest interval on the time
axis. Therefore, the shorter each flare, the higher the number of
flares needed to cover the entire time axis of the light curve. A
low number of flares results in non covered zero flux intervals.
c© 2014 RAS, MNRAS 000, 1–9
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Figure 2. Three examples (120 ks sequence) of synthetic light
curves assuming a mass accretion rate of 1.9× 1017 g s−1 for dif-
ferent values of the α parameter and disc radii. The number of
flares per light curve is the same in all three cases.
law slope. This was explained by shorter time scale variabil-
ity characterised by the second higher break frequency su-
perposed on longer time scale variability (characterised by
the lower break frequency). However, the break frequency
describes the characteristic time scale which has the real
physical meaning and is unchanged in the multicomponent
PDS (unless blended with another adjacent too close break
frequency). Therefore, we concentrate only on the break fre-
quency of the PDS.
The next step is the calculation of the rms-flux rela-
tion. The absolute rms amplitude of variability is defined as
square-root of the variance, i.e.
σrms =
√√√√ 1
N − 1
N∑
i=1
(xi − x)2, (4)
where N is the number of points, xi is the i-th point and
x is the mean value of all xi. We subdivided the 5 light
curves used for the mean PDS calculation into small parts
each containing 10 points (equivalent to 10 minutes as used
in Scaringi et al. 2012b) of the light curve. Subsequently for
each small part we calculated the corresponding rms and
mean flux. The binned data by flux were fitted with a linear
function.
As input parameters we need α, the white dwarf mass,
the inner and outer disc radius and mass accretion rate. The
α parameter in a hot ionised disc should be of the order of
0.1 (see e.g. Kato et al. 1998, Lasota 2001). Therefore, we
probed an interval from 0.1 to the most extreme value of
1.0. We estimated the white dwarf radius from the mass
following Nauenberg (1972), yielding 0.75 × 109 cm. There-
fore, an almost non-truncated accretion disc should have a
comparable inner radius rin (we adopted 0.76× 10
9 cm). As
the outer disc radius rout we used an order estimate of the
typical value in cataclysmic variables of 1010 cm (see e.g.
Warner 1995), and two values depending on the fraction of
the primary Roche lobe described in Section 2.
All simulated models with combined input radii values
are summarised in Table 2 (models Ai, Bi and Ci). Every
model was calculated with three mass accretion rate values
1,2 and 3×1017 g s−1. Finally we varied only the α parameter
from 0.1 to 1.0.
5 RESULTS
Fig. 2 shows three examples of simulated light curves (120 ks
sequence of the full light curve). The variability time scale
difference between all cases can clearly be seen. Also the
relative flux is higher in light curves with longer time scale
variability, because wider flares are summed, while an equal
number of flares per light curve is used. Corresponding
PDSs, rms-flux proportionality linear relations and flux dis-
tribution with Lorentzian, linear and log-normal fits, respec-
tively, are depicted in Fig. 3. Clearly, smaller variability time
scales yield steeper rms-flux relations and flux distribution
more consistent with log-normality. We tried also Gaussian
fits to the flux distribution for comparison, and except for
the longest time scale variability case, the log-normal fits
yield considerably better reduced χ2: 0.79 vs. 5.49 and 1.81
vs. 2.50 for the shortest and medium time scales, respec-
tively. The longest time scale case yields very similar fits
with both reduced χ2 of 1.7. Any further detailed com-
parison with observed values and subsequent quantitative
study is not possible, because our simulation method does
not work with real flux units.
The simulated mean values of break frequencies are de-
picted in Fig. 4. The errors of the mean are of the order
of 0.01, hence negligibly small and not displayed for clar-
ity of the figure. The lines are results with mass accretion
rate of 1.9 × 1017 g s−1, but the lighter shaded areas show
the simulated mean break frequency intervals using different
mass accretion rate values3 from 1 to 3× 1017 g s−1. Appar-
ently, the influence is relatively weak, mainly in the case of
low frequency variations. The darker shaded areas are the
error intervals of the observed break frequencies derived in
Section 2.
In the upper half of Table 2 we list the α intervals, where
simulated values (only with the mass accretion rate of 1.9×
1017 g s−1) match the observed intervals. The bottom part
of Table 2 lists the combinations, where α values satisfying
the observations agree from both full disc and outer disc
rim simulations, because we assumed the α parameter to be
constant in the full disc. Therefore, only those models where
α values overlap from both simulations make sense. Finally,
radial variations of α between the disc and the outer disc
rim are worth studying, but this is beyond the scope of this
paper (see Section 6.5 for discussion).
6 DISCUSSION
In this work we simulated synthetic light curves of the nova-
like system MVLyr in order to study fast optical variability
detected in Kepler data. Owing to the complicated structure
3 Not shown for all models for clarity of the figure.
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Figure 3. Left column - three examples of mean PDS calculated from 5 simulated light curves (one light curve example for each case is
shown in Fig. 2) using different disc parameters. The dashed line is the Lorentzian fit. Middle column - corresponding rms-flux relations
with linear fit (dashed line). The data with the fits are horizontally shifted in the middle and bottom case. Right column - corresponding
binned flux distribution with a log-normal fit as dashed line.
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Figure 4. Simulated break frequencies for different disc radii
(mean values after 100 simulations). Thin lines are full disc simu-
lations and thick lines are the outer disc rim simulations. Lighter
shaded areas are intervals of simulated break frequencies taking
into account a mass accretion rate interval from 1 to 3×1017 g s−1.
The lines indicate mass accretion rates of 1.9×1017 g s−1. Darker
shaded areas are error intervals of observed values deduced in
Section 2.
of the observed PDS, which is probably a superposition of 4
different PDS components, we focused our study only on the
break frequencies. The goal was to compare the simulated
and observed values for various system parameters. We sim-
ulated fast variability generated by the full disc and by a
radially thin outer disc rim. We used the latter to search
for the longest time scale variability generated by viscous
processes.
In general smaller outer disc radii yield shorter simu-
lated time scales of variability, while larger inner disc radii
yield longer simulated time scales. However, the simulated
break frequencies are only weakly sensitive to changes of
rin. This break frequency behaviour is different from what
is found for similar simulations of the power law slope in
the case of X-ray binaries Dobrotka et al. (2014a), where
the results are highly sensitive to the inner disc radius, and
are insensitive to changes of the outer disc radius. Although
in Dobrotka et al. (2010) and Dobrotka et al. (2012) it is
shown that the break frequency and power law index are
correlated in our simulations, both PDS parameters have
different sensitivity to the disc radius.
We investigated models with three inner and three outer
disc radii. Despite the sensitivity of our simulation to the
outer disc radii values, the qualitative difference between our
simulations with rout = 1.8 and 3.2× 10
10 cm are weak, and
only extremely small rout = 1 × 10
10 cm completely change
the interpretation. In the following, we discuss all simulated
models in detail.
6.1 Small disc model
Small disc models (A1-A4 in Table 2, first half) with rout =
1 × 1010 cm (0.3 × rPRL) are able to explain the observed
break frequencies L1, L2 or L3. L1 is generated only by the
full disc model (the outer disc rim does not fit any observed
break frequency) and yields extreme α values between 0.9
and 1.00. This is suspiciously large because the typically ob-
served values in hot discs lie between 0.1 and 0.4 (King et al.
2007). However, this result agrees with an α parameter de-
c© 2014 RAS, MNRAS 000, 1–9
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Table 2. First half - List of α values where the simulated mean break frequency agrees with the observed interval. Second half - α values
(from top part) where both models (full disc and outer disc rim) yield the same (overlapping) intervals.
rout rin
(109 cm) 0.76× 109 cm 1.50× 109 cm 2.00 × 109 cm rout − 0.5× 109 cm
full disc full disc full disc outer disc rim
10 model A1 model A2 model A3 model A4
L1: 0.89 - 1.00 L1: 0.89 - 1.00 L1: 0.95 - 1.00 L1: —
L2: 0.28 - 0.36 L2: 0.30 - 0.38 L2: 0.35 - 0.44 L2: —
L3: — L3: — L3: 0.10 - 0.11 L3: 0.34 - 0.46
L4: — L4: — L4: — L4: —
18 model B1 model B2 model B3 model B4
L1: — L1: — L1: — L1: —
L2: 0.68 - 0.91 L2: 0.68 - 0.91 L2: 0.71 - 0.93 L2: —
L3: — L3: 0.10 - 0.12 L3: 0.10 - 0.16 L3: 0.93 - 1.00
L4: — L4: — L4: — L4: 0.10 - 0.24
32 model C1 model C2 model C3 model C4
L1: — L1: — L1: — L1: —
L2: — L2: — L2: — L2: —
L3: 0.10 - 0.12 L3: 0.10 - 0.16 L3: 0.12 - 0.22 L3: —
L4: — L4: — L4: — L4: 0.10 - 0.60
10 model A1 model A2 model A3 model A4
L2: 0.28 - 0.36 L2: 0.30 - 0.38 L2: 0.35 - 0.44 —
L3: 0.34 - 0.46 L3: 0.34 - 0.46 L3: 0.34 - 0.46 —
18 model B1 model B2 model B3 model B4
L3: — L3: 0.10 - 0.12 L3: 0.10 - 0.16 —
L4: — L4: 0.10 - 0.24 L4: 0.10 - 0.24 —
18 model B1 model B2 model B3 model B4
— — L2: 0.71 - 0.93 —
— — L3: 0.93 - 1.00 —
32 model C1 model C2 model C3 model C4
L3: 0.10 - 0.12 L3: 0.10 - 0.16 L3: 0.12 - 0.22 —
L4: 0.10 - 0.60 L4: 0.10 - 0.60 L4: 0.10 - 0.60 —
duced for the recurrent nova and symbiotic system TCrB
(Dobrotka et al. 2010) and for the studied MVLyr system
from previous PDS modelling (Scaringi 2014). But the lat-
ter has a different disc interpretation, where the disc is be-
lieved to be geometrically thick (we discuss this interpreta-
tion later).
The more plausible model which agrees with typically
observed values of α explains the observed break frequencies
L2 and L3 (A1-A3 in Table 2, first half), where the latter is
generated by the outer disc rim. In this model the observed
break frequencies L1 and L4 remain unexplained.
Furthermore, assuming an inner disc truncation up to
2× 109 cm, the full disc model (A3 in Table 2, first half) is
able to reproduce the observed frequency L3 for more rea-
sonable values of α, but with the outer disc rim not satisfy-
ing (for the same α) any of the observed break frequencies.
Such solution is also untrustworthy due to large values of
the inner disc, which we discuss later.
Assuming a disc with constant α, the resulting simu-
lated frequencies are L2 and L3 with α values of 0.3 - 0.5
for all disc models (A1-A3 in Table 2, second half).
Finally, a small disc with an outer disc radius equal to
approximately 0.29×rPRL seems to be too small and such a
solution needs strong observational support. Therefore, we
do not expect this solution to work.
6.2 Large disc models
More realistic disc diameters between 0.5 and 0.9 × rPRL
yield almost the same results (models B1-B4, C1-C4 in Ta-
ble 2, first half), with weak dependence on the inner disc
radius. The fitted observed frequencies are L3 and L4 for
full disc models (B1-B3 and C1-C3 in Table 2, first half)
and L3 and L4 for outer disc rim (models B4 and C4 in
Table 2, first half). The resulting α values are again cumu-
lated in two intervals, i.e. small values of 0.1 - 0.2 and larger
values of 0.7 - 1.00.
Assuming again a disc with constant α yields simulated
frequencies L3 and L4 for rout = 18 × 10
10 cm (B2 and B3
in Table 2, second half) with again two α intervals of 0.1 -
0.2 and 0.7 - 1.00, and for rout = 32 × 10
10 cm (C1 and C3
in Table 2, second half) with α of about 0.1 - 0.6.
Finally, all models with the lower α intervals are more
attractive because they are observationally supported as
summarised by King et al. (2007).
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6.3 Inner disc truncation
In our simulations we used three inner disc radii (A1-A3,
B1-B3 and C1-C3 in Table 2) from the very close white
dwarf vicinity (non truncated disc) to 2×109 cm (truncated
disc). The sensitivity of our simulation to this disc parame-
ter is weak, and with four possible break frequencies we can
not deduce whether or not the disc is truncated. Scaringi
(2014) analysed the same data, and specifically modelled
the L1 component of this work. The authors concluded that
the disc is an optically thin hot geometrically thick corona
from the white dwarf to an outer radius of 8× 109 cm with
a potential geometrically thin disc inside, i.e. a sandwich
model.
Such corona in accreting systems appears in the cen-
tral disc, when the mass accretion rate drops to low val-
ues where the cooling becomes inefficient and the tempera-
ture rises strongly causing evaporation of disc material (see
e.g. Meyer & Meyer-Hofmeister 1994, Mineshige et al. 1998,
Meyer et al. 2007). Once the material is evaporating, the
geometrically thin disc disappears and the corona forms in-
stead (see Fig. 1 of Meyer et al. 2007). Therefore, the outer
radius of the geometrically thick corona must be similar
to the inner radius of the geometrically thin disc. In nova-
like systems, the geometrically thin disc is believed to be in
the hot ionised stage except during steep declines (antinova
phenomenon, see Warner 1995) and the inner disc radius
should be considerably smaller than in dwarf novae dur-
ing quiescence (if truncated, see later in this paragraph).
Schreiber et al. (2003) modelled the outburst cycle for the
dwarf nova SSCyg and found a successful solution with an
inner disc truncation of 2 × 109 cm during quiescence. For
the nova-like system KRAur, Dobrotka et al. (2012) found
an inner disc radius in the interval of 0.88 − 1.67 × 109 cm,
which is considerably smaller than in SSCyg in quiescence as
expected. Therefore, an inner disc radius up to 2 × 109 cm
is rather too large for a system with a fully ionised disc.
Furthermore, a truncated disc with rin = 2.5 × 10
9 cm
from Catala´n 1995 is suggested by eclipse fitting in HTCas
during the rise to outburst (Ioannou et al. 1999), but it
should be lower during maximum/outburst. In the study
of V2051Oph (Baptista & Bortoletto 2004) and V4140 Sgr
(Borges & Baptista 2005) the inner disc hole can be esti-
mated from the innermost point in the radial brightness tem-
perature distribution estimates deduced from eclipse map-
ping. In V2015Oph, the disc seems not to be truncated
while in V4140 Sgr the inner disc radius is roughly estimated
of about 1.4 × 109 cm. Clearly, not only the inner disc ra-
dius, but the disc truncation in general remains unclear in
some systems. Nevertheless, a disc truncation of 8× 109 cm
in nova-like systems with a hot fully-ionised disc is rather
problematic, because it gives considerably larger values than
in quiescent systems. The sandwiched model proposed by
Scaringi (2014) is therefore a valid alternative solution, i.e.
the hot corona is not identical with the thin disc inner hole,
but the thin disc can be fully developed down to the white
dwarf surface and a corona is formed above the disc material
from the white dwarf to an outer radius of 8× 109 cm.
6.4 Final model
The model proposed by Scaringi (2014) is only one alterna-
tive. Fragmentation of the accretion flow in the boundary
layer between the inner disc and the stellar surface can be
a different possible scenario (see Frank et al. 1992 for re-
view). A similar interpretation has also been discussed for
RUPeg during quiescence (Dobrotka et al. 2014b). This in-
terface region is subject to a strong tangential velocity gradi-
ent, and it therefore satisfies the basic conditions for Kelvin-
Helmholtz instability. Such fragmenting/unstable strongly
turbulent flow can generate fast X-ray variability, which can
subsequently be reprocessed by the geometrically thin disc.
There is only one exact method to test the proposed re-
processing hypothesis, i.e., direct X-ray observations. In case
of L1 generated by reprocessing, this break frequency should
be detected in X-rays. Furthermore, with simultaneous op-
tical and X-ray observations a time-lag for the shortest vari-
ability should be detected. A similar lags have been found
by Scaringi et al. (2013) in optical red and blue bands. They
detected red/negative lags where the redder bands lag be-
hind the bluer ones which supports reprocessing. Therefore,
a long enough X-ray observation of MVLyr would be needed
4. However, a positive detection of reprocessing still leaves
an ambiguity about the origin of the frequency L1 as pre-
dicted either by the sandwiched model with a geometrically
thick disc or the boundary layer model.
Furthermore, it is worth emphasising that our finding of
L1 in small disc models (discussed in Section 6.1) is consis-
tent with the findings by Scaringi (2014) despite the different
disc interpretation (geometrically thin vs. thick disc). Both
the outer disc radii and α values are very similar. This en-
courages us to adapt our method to geometrically thick discs
and search for the L1 frequency and find potential support
for the sandwiched model of Scaringi (2014).
Finally, implementing the corona interpretation by
Scaringi (2014) in the overall model and assuming the α
parameter to be between 0.1 and 0.4 as typically deduced
from observations (King et al. 2007), the interpretation of
the observed variability in MVLyr would be as follows; the
frequency L1 is generated by a fragmented accretion flow in
the X-ray corona or boundary layer (generating X-ray vari-
ability reprocessed by the disc), and L3 with L4 are gener-
ated by a turbulent accretion flow in the full disc and outer
disc rim, respectively. However, the frequency L2 remains
unexplained.
6.5 Different α parameters in the disc and outer
disc rim
It is believed that turbulence in an accretion disc
is produced by the magnetorotational instability (MRI,
Balbus & Hawley 1998). Therefore, the driving mechanism
of the studied turbulent flow is the magnetic field. In ac-
tive discs, hydrogen is fully ionised and the magnetic field
is coupling effectively to the gas and a saturation limit of
the MRI can yield a constant α parameter. This is the rea-
son why many studies assume a constant value of α during
4 Ideas about such observation characteristics as duration, anal-
ysis procedure etc. can be taken from Dobrotka et al. (2014b)
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the hot stage as we did in our work (Table 2, second half).
However, this value in the outer rim could be different from
those in the disk, since the way of global coupling is not the
same at the outer rim and within the disk, since there is
no further coupling (at the rim) with material outside the
outer rim. This is not conclusive and merely a speculation,
but more detailed investigation is beyond the scope of this
paper. But this suggests, that models with different values
of α can not be definitely ruled out. Qualitatively, this state-
ment does not change the conclusion of our work. At least
it can be a suggestion, why the outer disc region activity
is enhanced and contributes much more to the variability
statistics than in the ”standard” disc model.
6.6 Rms-flux relation
The typical rms-flux proportionality linear relation with log-
normal flux distribution detected in many accreting binary
systems is a characteristic of our model as well. In general,
the longer the time scale variability, the lower the steepness
of the linear dependence. Finally, the accretion flow frag-
mentation into turbulent bodies transporting the angular
momentum within the disc generates mass accretion fluctu-
ations which propagate further through the disc. Therefore,
this can confirm the general knowledge (Uttley et al. 2005,
Ingram & Klis 2013), that the typical rms-flux relation is
mainly generated by the mass accretion rate fluctuations
propagating in the accretion disc.
Any detailed comparison of the simulated linear steep-
ness with the observed data is not possible, because our
method only simulates the flux in arbitrary units. As al-
ready mentioned, it is only a statistical model.
In general higher rms are generated by higher mass ac-
cretion rates. During initial testing of our method, we ob-
tained higher rms (of small light curve segments or of the
whole light curve) when using a larger number of simulated
flares. This is compatible with a higher mass accretion rate,
because larger amounts of angular momentum need to be
transported, which results in a larger number of flares. In
fact, in our simulations we keep the mass accretion rate as
input parameter constant, but the flares are redistributed
randomly, which naturally generates fluctuations in the con-
centration of flares per light curve segment. The assumed
mass accretion rate is a mean value per light curve. There-
fore, a larger rms in a light curve segment means that a
larger number of flares is present in the segment, which cor-
responds to larger mass accretion rate expressed by larger
flux. The simulated rms-flux relation has a physical expla-
nation and is not an artifact of our method.
Finally, the rms-flux relation is not only a linear corre-
lation, but it is a proportionality rms ∝ flux, i.e. zero flux
means no flares in the constructed synthetic light curve and
this obviously yields zero rms. Therefore, any deviation from
this trend seen in Fig. 3 is an intrinsic numerical artefact
of our simulation procedure which can be improved in the
future. Furthermore, the gradient of the rms-flux relation
might depend on the timescale onto which the rms-flux re-
lation is calculated from, but detailed MVLyr data analysis
is out of scope of this paper.
7 SUMMARY
We modelled fast optical variability using parameters of the
nova-like system MVLyr. The results can be summarised as
follows:
(i) The fragmented turbulent accretion flow generates
the typical linear rms ∝ flux relation. The steepness of this
linear dependence is higher for shorter time scale variability.
(ii) In general larger rms are generated by a larger num-
ber of superposed flares. This corresponds to higher mass
accretion rates expressed as larger flux. Therefore, variable
rms agrees with mass accretion rate fluctuations.
(iii) Assuming typical disc radii of cataclysmic variables
and related objects between 0.5 and 0.9 times the primary
Roche lobe and taking the typical observed α parameter to
be of 0.1 - 0.4 (King et al. 2007), our simulations of variabil-
ity coming from the entire accretion disc are able to explain
the observed break frequency L3 (Scaringi 2014), while the
simulations of variability generated by an outer disc rim ex-
plains the observed frequency L4.
(iv) The previous point suggests that viscous processes
are somewhat enhanced at the outer disc rim.
(v) Using previous work of Scaringi et al. (2012a), the
break frequency L1 can be explained by a geometrically
thick corona radiating in X-rays, where optical variability
is generated by reprocessing of the X-rays by the disc. De-
spite the very different disc geometry used by us (geomet-
rically thin disc), we find consistent parameters also with
the Scaringi (2014) model. In such case only the observed
frequency L2 remains unresolved.
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